SENSITIVITY OF INLET PERFORMANCE 
PREDICTIONS TO CFD NUMERICAL 
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HYPERSONIC FOREBODY/INLET 
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FOREBODY FLOW FIELDS 



COMPRESSIBLE NAVIER-STOKES 
CODE CHARACTERISTICS 



DC 

O 

LD 

2 

LU 

X 

o 


LU 

LU 

X 


wo 

CD 


0 


0 


(C§ 
< DC 
S>< 


< DC 
m LU 

mo 

oj 

LU 55 

□ t 

^ q! 

o'? 

o X 

<3 

Qll 


ffl 

< 

Q. 

< 

O 

g 

x 

0 


o 

N 

< 

X 

LU 

Z 

LU 

0 


0 ) 


X 

< 


LU 

Q 

O 


O 








182 


EXTERNAL AND/OR INTERNAL ANALYSIS 



UPS CODE CHARACTERISTICS 
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CODE VALIDATION SUMMARY 


CD 

h 

LD 

CD 

< 

< 

Q 


LU 

2 

oc 

LU 

Q. 

X 

LU 

O 

OC 

LU 


LU 

W=ScD~ 

< CD LU 
C 5 CCZ 
1-30 
O l “ O 
LU Q ~ 
ILzW 

CC<W 
LU -Q 

D. J 0 


CD 

Q 

LU 

LL 


HOC 
cop| 
o — -J 

5 CD -J 
S-Z DO 

Q /a 


CM OC 


(/) 


UJ 

O' 

Hof< 

<n<s! 

x -l- 

<<_l 


U- = 


H 00 

< jj] 

LU S 

X LU 
Q □ 

is 

LU CD 

OC - 

“■ CD 
LU 


CD< 
LU Z 

OC x 
l= LU 

LU H 

sS 

O Q 

LUz 

o< 

LU _j 

|S 

Ox 

O LU 


LL 

O 

OC 

CL 


CD 

CD 

LU 

OC 

Q. 

LU 

O 

< 

LL 

OC 


CD OC 
~LU 
CD LL 
UJ CD 
OZ 

£< 

OOC 

LL I- 


OC 

O 

LL 

Z 

o 

j= CD 

QO 


LU 3 

gs 

O CD 
O -j 

05 

*7 O 

LU LU 
QZ 
OO 
OZ 


184 


GRID REFINEMENT, MASS CONSERVATION, AND 
CONVERGENCE STUDIES 



INLET PERFORMANCE PARAMETERS 
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HEAT TRANSFER ON FOREBODY AND COWL 



SOURCES OF UNCERTAINTY 
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POST-PROCESSING METHODS 



CHEMISTRY SENSITIVITY ST 





TRAJECTORY POINTS USING CNS/UPS 
CODES WITH PERFECT GAS, EQUILIBIRU 
AIR AND FINITE-RATE AIR GAS MODELS 



NOSE BLUNTNESS STUDY 
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BOUNDARY LAYER THICKNESS 
BOUNDARY LAYER STABILITY 
GAS COMPOSITION 



NASP CONTRACTOR FOREBODY 
CONTOUR TRADE STUDY 
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LAMINAR AND TRANSITIONAL 
EQUILIBRIUM AIR 

COWL LOCATED RELATIVE TO BOW SHOCK 
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NUMERICAL MODELING SENSITIVITIES 
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GRID RESOLUTION IS LARGEST 
SOURCE OF ERROR 


















SHOCK LOCATION SENSITIVITY 
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FIXING COWL LOCATION 
REDUCES UNCERTAINTY 5X 




SUMMARY 
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DISCUSSION OF PAPERS PRESENTED BY WEI CHYU AND BY TOM EDWARDS 


John Porter: Prior validation of codes in some parameters does 
not appear since certain parameters did not agree while other 
parameters did agree. What are you calling prior validation? 

Tom Edwards: I'm saying that CNS and PNS have been validated 
extensively with experimental data. We've looked at inlet 
forebody flowfields and heat transfer. Different geometries 
have different modeling requirements. Just because you have 
Mach 16 does not mean you have equilibrium air. 
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